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through consolidated bioprocessing
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Ishii J,  Poster 37 :  Isobutanol production
Construction of cell factories for biorefinery
Cell factories to industrially important processes
A combination of cell surface engineering and synthetic bioengineering 
will be a very effective approach to develop cells with novel metabolic 
ability for industrial applications.
Process Development
Environmentally benign and consolidated process
Process Development
Bench-scale plant in Kobe University
6
100 kg/batch steamer

























































Ethanol production from lignocellulosic biomass
Yeast cells co-displaying 






























Liquefaction of pretreated 
rice straw at 50 oC for 2h
Initial biomass; 200 g/L
Cellulase; 10 -40 FPU/g-biomass

























Fermentation at 35 oC
Yamada R,  Poster 20 :  Optimized cellulase expression   


























Cellulases displayed on the yeast cell surface hydrolyzed cellulose that was not 
hydrolyzed by commercial cellulases, leading to increased ethanol production.
Initial biomass ; 200 g/L
Liquefaction; 2 h, 50oC
Cellulase added; 10 FPU/g-biomass
Centrifugation at 20 x g
































Fermentation of C5 fraction of rice straw



















Total oligosaccharide [g/L] 9.62


























0.02 % (w/v) Hemicellulase
Normal xylose-fermenting strain
MN8140X
Cell surface engineered strain
MN8140X/XynII-XylA-BGL































The yield corresponds to 82.1% of the theoretical yield.
Normal xylose-fermenting strain Cell surface engineered strain
Sakamoto et al. (2011) J Biotechnol
A presumed inhibition mechanism
Hasunuma and Kondo, 
Biotechnol. Adv. in press
Several approaches to improve tolerance
Overexpression of TAL1 and FDH
Hasunuma et al (2011) Microb Cell Fact
(2011)  Appl Microbiol Biotechnol
Improvement of xylose fermentation
Yield; 30% up
Effect of PHO13 deletion on xylose fermentation
Deletion of p-nitrophenyl phosphatase gene, PHO13 in xylose-fermenting 
strain improved ethanol production from xylose
Medium; YP, 80 g/l xylose
Condition;  Oxygen limited
Temp; 30⁰C
Hasunuma T,  Poster12
Improvement of xylose fermentation in the presence of inhibitors 
by PHO13 deletion




Fujitomi et al., 2012, Bioresour Technol
Medium; YP, 80 g/l xylose
Condition;  Oxygen limited
Temp; 30⁰C
Effects of PHO13 deletion on xylose fermentation
Control strain ∆PHO13 strain
Fermentation Inhibitors
Acetate 3.23 g/L (53.9 mM)
Formate 1.08 g/L (23.4 mM)
Furfural 1.22 g/L (12.7 mM)
Ethanol
Glucose Xylose Ethanol XylitolFructose
Xylose
Global gene expression analysis of ΔPHO13 mutant









GND1 6-phosphogluconate dehydrogenase 1.64
TKL1 Transketolase 1.57
PFK1
Alpha subunit of heterooctameric phosphofructokinase 
involved in glycolysis
1.55
Genes highly up- or down-regulated by deleting the PHO13 gene from a 
xylose-fermenting recombinant S. cerevisiae strain
TDH1 Glyceraldehyde-3-phosphate dehydrogenase 1.48
PDC1 Major of three pyruvate decarboxylase isozymes 2.04
ADH1 Alcohol dehydrogenase 1.94
GPD1 NAD-dependent glycerol-3-phosphate dehydrogenase 1.64
COX2
Respiratory chain 
Subunit II of cytochrome c oxidase 0.33
COX3 Subunit III of cytochrome c oxidase 0.30
CYC1 Cytochrome c 0.59
QCR6 Subunit 6 of the ubiquinol cytochrome-c reductase complex 0.57
ATP1
ATP synthase
Alpha subunit of the F1 sector of mitochondrial F1F0 ATP 
synthase
2.24
ATP19 Subunit k of the mitochondrial F1F0 ATP synthase 2.60
ATP5
Subunit 5 of the stator stalk of mitochondrial F1F0 ATP 
synthase
1.64














Nucleus Pho80 Cyclin; inhibitor of 
Pho4p
Pho85 Cyclin-dependent 
kinase; inhibitor of 
Pho4p
Pho5 Repressible vacuolar 
alkaline phosphatase






PHO84, PHO5, PHO8, etc
PHO80
PHO85





































Medium; YP, 80 g/l xylose
Condition;  Oxygen limited
Temp; 30⁰C





























































BY4741X 0.730 0.28 0.27
BY4741X/∆PHO80 0.844 0.35 0.15
BY4741X/∆PHO85 0.920 0.33 0.14
BY4741X BY4741X/∆PHO80 BY4741X/∆PHO85
Xylose fermentation is affected by the PHO metabolism.




































iso-propanolBlue: E. coli pathway














Tfu0937 was fused to an anchor, 
HdeD, Blc and Slp.
Optimization of BGL and anchor 






















































BGL activity of Blc-Tfu0937 were improved up to 
70-fold higher compared to PgsA-BglA.
Previously reported anchor such as














0.2% cellobiose as the sole carbon source 
M9 minimum medium, Initial O.D.600 = 0.01
Growth on 0.2% cellobiose using 
BGL-displaying E.coli









Blc-Tfu0937 was growth on 0.2% cellobiose












(C3), Cellotetraose(C4), Cellopentaose(C5), Cello
hexaose(C6)




















Successful growth on cellooligosaccharides
Direct IPA production from cellobiose
Using BGL-displaying engineered E.coli

















































































■：On the cell surface
□：Culture supernatant
Submitted

















































Direct growth on CMC both BGL and EG 





























Thank you very much for your attention
Matsuda F,  Poster28  Effect of metabolic inhibitors
Kondo’s lab. Photo on July 2011 at Memorial Hall in Kobe University 

































Super microbial cells for cell factories





Flux improvement Tolerance improvement
